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@ Modular electronic packaging system. 

(g) An electronic circuit packaging module (12) includes a lower substrate, (16), an upper cooling unit 
(18) and a frame (12) disposed therebetween. The substrate (16) carries a plurality of integrated circuit 
chips (26) with lead-outs to a plurality of downwardly protruding dimpled contact points (50) disposed 
about the substrate periphery. The frame (12) includes a plurality of insulative inserts (14) about its 
periphery having conductive pins (34) each with a lower extension (38) extending below the insert and 
an upper contact point (36) recessed within the insert The cooling unit (18) includes a plurality of fluid 
bags (22) each in contact with a respective chip (26) on the substrate (16) for thermal management A 
plurality of such modules (10) are stacked in vertical registry whereby each downwardly protruding 
dimple (50) of a module (10) extends into a respective insert recess (36) of an adjacent module (10) 
there below. Electrical contacts thus effected between the respective dimples (50) on the lower surface 
of the upper module (10) and respective upper contact points of the recessed pins (36) on the upper 
surface of the cover module. (10). 
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This invention relates to electronic circuit packag- 
ing and, more particularly, relates to systems for form- 
ing multi-layered circuit interconnections in the 
vertical and horizontal planes. 

Currently, the predominant packaging approach 
is two dimensional wherein components are placed 
on a carrier and electrical intercommunication occurs 
only in the X-Y plane. A common example of this may 
be found in the conventional tape automated bonding 
or TAB* type packaging systems well known in the 
art 

While such TAB packaging illustrates the evolu- 
tion of electronic packaging art into increasingly 
higher density packages, practical limits to the degree 
of miniaturization possible in the X-Y plane arose 
thereby constraining improvements in packaging den- 
sity. This was due, for example, to finite limitations 
which could practically be achieved in conductive line 
pitches which could be etched or otherwise 
established on planar substrates. Moreover, and 
perhaps more problematical, was the fact that many 
components often needed to be located proximally to 
one-another, which is an inherent limitation of X-Y pla- 
nar component posotioning. 

Accordingly, with manufacturing and packaging 
technology reaching practical limits in one plane, 
attention began to focus in the development of the art 
on ways to increase density through use of the vertical 
or Z axis direction. Thus, these considerations gave 
rise to numerous elaborate schemes for providing ver- 
tical "sandwiches'' of components, circuits and even 
stacked pluralities of electrically interconnected hori- 
zontal boards. However, several problems were 
associated with these attempts to extend the packag- 
ing art. 

First, by providing multi-layered packaging, ther- 
mal management problems surfaced which were des- 
tructive of the circuits being vertically stacked upon 
one another. Heat generated by a given package 
would naturally rise thereby affecting adjacent pack- 
ages attempting to stack multiple packages vertically, 
the problem of thermal destruction was compounded. 

Moreover, as may be seen by review of illustrative 
attempts to capitalize on space available In the Z axis 
direction, elaborate, expensive and often unreliable 
interconnecting schemes, including mechanical con- 
nectors and the like, were devised for effecting verti- 
cal conductive paths as required and desired. Not 
only were these connecting schemes unreliable, but 
often they created extremely difficult problems in 
terms of manufacturing and assembly. 

It is accordingly an object of thepresent inventor 
to provide an improved circuit module and packaging 
system for such modules. 

According to the inventor we provide an elec- 
tronic circuit package module comprising a substrate 
defining a plurality of input-output locations on the 
oputer periphery of said substrate and frame means 



carrying said substrate having a plurality of conduc- 
tive pins extending therethrough each in contact with 
a respective one of said input-output locations. 
We further provide an electronic circuit packaging 

5 system, comprising a plurality of electrically intercon- 
nected packaging modules, each comprising a sub- 
strate defining a plurality of input-output locations on 
the outer periphery of said substrate and a frame 
means carrying said substrate and having a plurality 

10 of conductive pins extending therethrough each in 
contact with a respective one of said input-output 
locations. 

A preferred electronic circuit packaging module 
embodying the invention includes a lower substrate, 

1 s an upper cooling unit and a frame disposed therebet- 
ween. The substrate carries a plurality of integrated 
circuit chips with lead-outs to a plurality of downwardly 
protruding dimpled contact points disposed about the 
substrate periphery. The frame includes a plurality of 

20 insulative inserts about its periphery having conduc- 
tive pins each with a lower extension extending below 
the insert and an upper contact point recessed within 
the insert. The cooling unit includes a plurality of fluid 
bags each in contact with a respective chip on the 

25 substrate for thermal management A plurality of such 
modules are stacked in vertical registry whereby each 
downwardly protruding dimple of a module extends 
into a respective insert recess of an adjacent module 
therebelow. Electrical contact is thus effected be- 
so tween the respective dimples on the lower surface of 
the upper module and respective upper contact points 
on the recessed pins on the upper surface of the cover 
module. The lower extension of the pins of each insert 
of a given module thus extend into contact with the 

35 upper surface of a respective dimple of an adjacent 
lower module. In this manner, vertical electrical inter- 
connection is established through the pins when 
mated in vertical registry, establishing a plurality of 
conductive paths in the Z axis. Electrical interconnec- 

40 tion between any such vertical path and horizontal 
locations on a given substrate are effected by means 
of the electrical junction formed by a dimple of an 
upper module in contact with the upper recessed pin 
contact point of the adjacent lower module. Multiple 

45 vertical conductive paths are established spanning a 
multiplicity of substrates while simultaneously effect- 
ing any desired electrical connection between a given 
vertical path and any location on a given substrate 
within a particular module. 

so The invention will be more clearly understood by 
reference to the following description of the preferred 
embodiment when read in conjunction with the 
accompanying figures, wherein: 

Fig. 1 is a partial pictorial view of one embodiment 

55 of a circuit package module of the present invention. 
Fig. 2 is a pictorial view of a module of Fig. 1 in 
its entirety shown in an exploded view. 

Fig. 3 is a pictorial view of one of the inserts of the 

3 
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package module of Fig. 1. 

Fig. 4 is a top plan view of the Insert of Fig. 3. 
Fig. 5 is an elevational view of the insert of Fig. 

3. 

Fig. 6 is a sectional view of the insert of Fig. 3 
taken along line 3-3. 

Fig. 7 is a sectional view of a portion of the module 
10 of Fig. 2 taken along line 7-7. 

Fig. 8 is a detailed view of a portion of the module 
of Fig. 7 illustrating the electrical interconnection be- 
tween the substrate dimples and the pins of the insert 

Fig. 9 is a pictorial view of a packaging system of 
the present invention, party in section, comprising a 
plurality of the modules of Fig. 1 , a printed earner and 
heat sink. 

Best Mode for Carrying Out the Invention 

Referring first to Fig. 1 , a circuit package module 
10 of the present invention Is pictoriatly depicted the- 
rein. The module 1 0 is broadly comprised of a metallic 
frame 12, a plurality of inserts 14 pressed into the 
frame 12 about the periphery thereof, a cooling unit 1 8 
and a substrate 16. 

Referring now to Fig. 2, depicted therein is a pic- 
torial view of the packaging module 1 0 of Fig. 1 in exp- 
loded form wherein the more detailed features of the 
frame 12, cooling unit 1 8 and substrate 16 may be rea- 
dily seen. The frame 12 includes a plurality of these 
inserts 14 which serve the purpose of establishing a 
plurality of vertical vias for purposes to be hereinafter 
described. At opposing ends of the frame 12, slots 28 
are provided to receive mating tongues 26 of the cool- 
ing frame 24 which comprises a portion of the cooling 
unit 1 8. The frame 24 has an outer geometry designed 
so as to matingly engage a corresponding opening 
formed in the upper portion of the frame 12. 

The cooling frame 24 is a rigid member consisting 
of a heat conductive metal and supports a plurality of 
fluid bags 22 interconnected and disposed so as to 
match to corresponding locations of chips 26 on the 
substrate 1 6. A plurality of holes 20 are disposed ver- 
tically through the frame 1 2 for purposes of facil itating 
interconnection of a plurality of such package mod- 
ules 10 in accordance with the present invention as 
shown in Fig. 9. In an alternative embodiment wherein 
thermal management is critical, conduction of heat 
away from the chips 26 may be further enhanced by 
circulation of externally cooled fluids through the fluid 
bags 22. In this case, appropriate plumbing circuits 
may be provided in the frame 12, or the like, for effect- 
ing the desired fluid flow through the fluid bags 22 to 
the device providing the external fluid cooling. 

Referring to the substrate 16, it will preferably be 
comprised of a carrier having a plurality of chips 26, 
such as those known in the industry as °C4" chips 
attached thereto. The substrate, with chip 26, consti- 
tutes a functional unit that has I/O at the peripheries 



disposed in a pattern compatible with the pins dis- 
posed in the inserts 14, to be described in greater 
detail with reference to figs. 7 and 8. The invention 
admits to a variety of substrate 16 packaging techni- 

5 ques, well known in the art 

Referring now to Fig. 3, a pictorial view is pro- 
vided of a typical insert 14 when separated from the 
frame 12. This insert 14 includes an Insulated strip 32 
having molded therein a plurality of conductive metal- 

10 lie pins 34 as shown in Figs. 5-6. Arrangement of 
these pins may be more particularly understood with 
reference to Figs. 4, 5 and 6 which are top and side 
views of the insert The views of Figs. 5 and 6 are sec- 
tional views of the insert 14 of Fig. 3 taken along line 

is 3-3. 

Referring to Fig. 6 in more detail, it wfll be noted 
that each pin 34 preferably includes a pin extension 
38 which, essentially, Is a portion of the pin 34 extend- 
ing downwards beyond the lowermost surface of the 

20 insert 14. The pins 34 are further fashioned within the 
insert 14 so as to be recessed below the upper sur- 
face of the insulated strip 32, thereby permitting for- 
mation of a cavity 36. Accordingly, the lowermost pin 
extension 38 and uppermost portion of the pin 34 pro- 

25 vide exposed surfaces, referred to herein as the lower 
pin contact point 39 and upper pin contact point 37, 
respectively. The cavities 36 may be preferably filled 
with a solder paste or conductive glue before attach- 
ment of a respective substrate 16 to form a package 

30 module 1 0 or packaging system of Fig. 9 in a manner 
to be described. 

Referring now to Fig. 7, a sectional view of the 
module 10 of Fig. 1 is shown taken along line 7-7. 
Each fluid bag 22 will preferably include, on its lower- 

35 most surface, a metallic cover 30 facilitating desired 
heat transfer from the chip 26 to the fluid bag 22. In 
accordance with C4 technology in the aforementioned 
preferred substrate construction, each chip 26 is pro- 
vided with a grid-like plurality of conductive bails 60 on 

40 the lower surface, which may effect desired electrical 
interconnection between internal portions of the chip 
26 and desired locations on the substrate 16. The 
substrate 16 will include circuitized conductive lines 
leading out to I/O locations on the outer periphery of 

45 the substrate shown as locations 43 on the substrate 
16 in Fig. 2. Each such I/O location 43 will have 
associated therewith one of the conductive metallic 
pins 34 extending through a respective insert 14. 
Referring now to Fig. 8, an expanded view of a 

50 portion of Fig. 7 Is shown therein where each pin 34 
forms an electrically conductive joint with a corre- 
sponding I/O location 43 on the substrate 16. As 
hereinbefore indicated, in the preferred manner of 
forming the substrate 16, rather than forming vias 

56 through the substrate in a conventional manner, a 
plurality of dimples, such as the dimple 50 shown in 
Fig. 8, are formed in the substrate at each location 
where an I/O interconnection is desired to a conduo 
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tive line on the substrate and to the chips 26 through 
balls 60. Most such dimples 50 are in electrical inter- 
connection through the conductive balls 60 to respec- 
tive portions of the chip and to respective pins 34. The 
substrate 16 will actually be comprised of a plurality 
of layers as desired on conductive and insulative ma- 
terial, such as those shown generically for illustrative 
purposes as substrate layers 42, 44, 46 and 48 in Fig. 
8. Each dimple 50 will effect a downward protrusion 
of a substrate contact point 52, hich will project into a 
correlative cavity 36, Fig. 6, associated with a respec- 
tive pin 34. It will be recalled that the cavity will pref- 
erably have been filled with a conductive solder paste 
or glue 50, or the IBce, whereby a reliable electrical 
interconnection may be established between the 
upper pin contact point 37 of the pin 34, Fig. 6, and the 
substrate contact point 52 of the substrate 16, Fig. 8. 

Referring back to Fig. 7, it is a feature of the inven- 
tion to provide for a plurality of package modules 10 
stacked in vertical registry wherein a plurality of ver- 
tical electrically conductive paths may be established 
through each such module in the Z axis and, further, 
wherein each of these vertical paths through the 
pakaging system may, as desired, be routed horizon- 
tally through any of the individual package modules 
10, so as to interconnect, for example, with any des- 
ired I/O location 43 associated with a given chip 26. 
Accordingly, as shown in Fig. 7, by stacking a plurality 
of these modules 1 0 in vertical registry with correlative 
pins of each module in vertical registry, this electrical 
interconnection between adjacent vertically aligned 
pins 34 may thus be effected. 

Referring back to Fig. 8, this in turn means that 
with respect to a module vertically above the one 
shown in Fig. 8 (and not depicted), a lower pin contact 
point 39, Fig. 6, of a pin extending downwards from 
the upper module 10, which is not depicted, would 
thus extend into the upper surface of the dimple 50 to 
effect electrical interconnection therewith. 

Referring now to Fig. 9, there is shown a packag- 
ing system of the present invention comprised of a 
plurality of the completed subassemblies of Fig. 2, 
which are stacked on top of one another. Additionally, 
a printed carrier 62 having any additional circuitization 
as desired is provided carrier 62 also preferably has 
these inserts 14 disposed therein at desired locations 
so as to vertically register with like inserts in the mod- 
ules 10 and may further include means for mounting 
and electrically interconnecting to motherboards or 
the like. Screws 64 are provided extending through 
the holes 20 in the modules 10 and printed carrier 62 
so as to both provide a reliable mechanical connec- 
tion between the modules, and maintain the desired 
vertical electrical interconnection between vertically 
registered pins and dimples as previously described. 
In some applications ft may further be desirable to pro- 
vide a finned heat sink 66 to assisting in the conduc- 
tion of thermal energy away from the assembled 



modules 10. 

It will be seen from the foregoing that a highly 
flexible package is thereby provided, wherein varying 
circuit complexity can be accommodated for as des- 

5 tred by simply adding additional modules with no 
increase in mechanical complexity in effecting the 
desired X, Y and Z axis electrical interconnections. 
Moreover, due to the modular self-contained nature of 
each package module 10, thermal management is 

10 further automatically provided for, as well as the des- 
ired electrical Interconnections. It is contemplated by 
the Inventors that the ball 60 contacts and locations 
43 are not necessarily to be limited to locations on the 
periphery of substrate 16. Thus, for example, the 

15 chips 26 could be arranged on substrate 1 6 In the form 
ofa square, for example, in which case inserts 14 may 
be disposed between adjacent chips 26. Thus, 
whereas in the preferred embodiment depicted an 
elongate structure of each package module 10 is 

20 shown, rtwill be readily apparent to those of skill in the 
art that the invention is not intended to be so limited 
to any particular geometric configuration of the three- 
dimensional circuit package, and, thus, can vary 
according to the geometry of the substrate as desired. 

25 

Claims 

1. An electronic circuit package module comprising 
30 a substrate defining a plurality of input-output 

locations on said substrate and frame means car- 
rying said substrate having a plurality of conduc- 
tive pins extending therethrough each in contact 
with a respective one of said input-output loca- 
35 tions. 

2. A module as claimed in claim 1 wherein said sub- 
strate carries a plurality of integrated circuits 
interconnected to respective ones of said input- 

40 output locations. 

3. A module as claimed in claim 1 or claim 2 wherein 
each of said pins defines an upper and a lower 
contact point exposed on opposing respective 

45 faces of said frame means. 

4. A module as claimed in claim 3 wherein said sub- 
strate defines a plurality of dimples each in elec- 
trical contact with a respective one of the lower 

50 contact points. 

5. A module as claimed in any preceding claim 
further including fluid cooling unit means inter- 
connected to said frame for conducting heat from 

55 said substrate. 

6. A module as claimed in daim 2 and claim 5 whe- 
rein said cooling unit means comprises a cooling 
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frame supporting a plurality of fluid-filled bags 
each in contact with a respective one of said inte- 
grated circuits. 

7. A module as claimed in any preceding claim whe- 
rein said frame means includes a plurality of 
inserts each carrying a plurality of said pins. 

8. A module as claimed in claim 6 and claim 7 whe- 
rein said frame means is disposed intermediately 
between said cooling frame and said substrate. 

9. A module as claimed in claim 8 wherein said 
frame means defines a recess and wherein said 
contact between said bags and said respective 
integrated circuit is established within said 
recess. 

10. An electronic circuit packaging system, compris- 
ing a plurality of electrically interconnected pack- 
aging modules, each comprising a substrate 
defining a plurality of input-output locations on 
said substrate; and a frame means carrying said 
substrate and having a plurality of conductive 
pins extending therethrough each in contact with 
a respective one of said input-output locations. 

1 1. The system of Claim 10 wherein said modules are 
disposed in vertical registry with said pins of each 
said module establishing electrical interconnec- 
tion with corresponding ones of said input-output 
locations on said substrate of an adjacent said 
module. 

12. A system as claimed in claim 11 wherein each of 
said pins defines an upper and lower contact 
point exposed on opposing respective faces of 
said frame means. 

13. A system as claimed in claim 12 wherein each 
said substrate of said each modules defines a 
plurality of dimples each in electrical contact with 
a respective one of said contact points of an adja- 
cent one of said modules. 

14. A system as claimed in claim 13 wherein each of 
said modules further includes a fluid cooling unit 
means interconnected to said frame for conduct- 
ing heat from said substrate. 

15. A system as claimed in claim 14 wherein when 
said plurality of modules are disposed in said ver- 
tical registry, an upper surface of at least one of 
said modules is flush with a lower surface an 
upwardly adjacent said module. 

16. A system as claimed in claim 15 wherein when 
said modules are interconnected in said vertical 



registry, a plurality of conductive paths are 
established, each said path extending vertically 
through at least two said modules and, further, 
electrically Interconnecting to respective subs- 
5 trates within each of said at least two modules. 

17. A system as claimed in claim 16 wherein said res- 
pective substrates each carry at least one inte- 
grated circuit 

10 

18. A system as claimed in claim 17 further including 
a heat sink disposed on top of said registered 
modules. 

15 19. A system as claimed in claim 18 wherein, for each 
of said modules, said frame defines a recess; and 
said cooling unit means includes at least one 
fluid-filled bag in contact with a respective one of 
said integrated circuits within said recess. 

20 
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